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This article presents a modified method of mountain gazelle optimizer 
(MMGO) as a direct current (DC) motor control. Mountain gazelle optimizer 
(MGO) is an algorithm inspired by the life of the mountain gazelle animal in 
nature. This animal concept has five essential steps that are duplicated in 
mathematical modeling. This article uses two tests to get the performance of 
the MMGO method. The first test uses a benchmark function test with a 
comparison method, namely the sine tree seed algorithm (STSA) and the 
original MGO. The second test is the application of MMGO as a DC motor 
control. The simulation results show that MMGO can reduce the overshoot 
of conventional proportional integral derivative (PID) control by 0.44796 and 
has a better integral time square error (ITSE) value of 5.345 than 
conventional PID control. Thus, the MMGO method shows promising 
performance. 


This is an open access article under the CC BY-SA license. 


Corresponding Author: 
Widi Aribowo 


Department of Electrical Engineering, Faculty of Vocational, Universitas Negeri Surabaya 
Ketintang, Surabaya 61256, Jawa Timur, Indonesia 


Email: widiaribowo @unesa.ac.id 


1. INTRODUCTION 

Technology development today is speedy and spread [1], [2]. This makes accuracy and efficiency 
increasingly important in using electronic equipment [3]-[5]. DC motors that have become popular in several 
electronic equipments are also affected [6], [7]. DC motors are widely used in various industrial household 
applications that demand a flexible speed range [8], [9]. This is to maintain accurate adaptation or where low- 
speed torque is required. 

Speed control is a concept to keep the speed within the required range. The concept of control can 
be applied based on automatic and manual [10]. DC motors can be controlled with different controls. 
[11]- [14]. The conventional proportional-integral (PI) and proportional integral derivative (PID) controls are 
popular and often applied controls. PID is in the spotlight because it has a low price compared to more 
complex control systems [15], [16]. In addition, the PID can maintain system output according to the value 
set within the error limit [17], [18]. PID's downside is its lack of toughness [19]-[21]. 
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Nonlinear modeling problems are often a constraint in a control [22], [23]. One effort to solve 
nonlinear problems is to do mathematical modeling. This provides support in the use of time and cost 
efficiency. However, mathematical modeling will not be presented easily. This has prompted several 
researchers to approach the control system. 

In recent years, many studies have been presented on optimization-based control concepts such as 
the application of the whale optimization algorithm (WOA) [24], Henry gas solubility optimization (HGSO) 
[25], particle swarm optimization (PSO) [26], coronavirus optimization algorithm (COA) [27], Grey wolf 
optimization (GWO) [28], Harris hawks optimization (HHO) [29], and evolutionary algorithms (EA) [30]. 

Although several optimized control studies have been presented, there is still much room to be 
explored in DC motor control. This article presents a control concept based on a modified mountain gazelle 
optimizer (MMGO) method in tuning PID parameters in DC motors. This article applies 2 performance 
measurements of the modified mountain gazelle optimization (MGO) method. The first performance 
measurement is to compare the benchmark function tests with the comparison method, namely the sine tree 
seed algorithm (STSA) and the original MGO. The MMGO method was tested for DC motor control using 
PID in the second experiment. In the second test, a comparison method was used, namely the conventional 
PID method, STSA-based PID (PID-STSA), original MGO-based PID (PID-MGO) and MMGO-based PID 
(PID-MMGO). The contribution of this article is the application of PID control on DC motors using the 
MMGO method. 


2. RESEARCH METHOD 
2.1. Mountain gazelle optimizer 

MGO is an algorithm based on the life of mountain gazelles in nature. Animals originating from the 
Arabian peninsula have a uniqueness close to the Robinia tree. This animal has a very territorial uniqueness. For 
that reason, they are very far apart from each other. This animal has three groups: parent-child territory, young 
male territory, and single male zone. The optimization of the MGO algorithm applies five important keys: non- 
grouping, stag male groups, maternity groups, male zones, and the migration process in search of food [31]. 


2.1.1. Male zones 

This session describes the struggle for territory or females between mountain gazelles. Each 
individual has a separate and remote area. The character of the young male is to conquer the area of the 
female. Meanwhile, the other task is to take care of the area itself. This session can be derived 
mathematically in (1)-(5): 


M;,-myj;-|(ri x YM —ri; x X(t)) x F| x cv (1) 
YM = Xy x Ir] + Mpr x [rra = {|Z| N} Q) 
F =N,(D) x exp (2 -itx G) (3) 
(a 1)4 n 
ev = p (4) 
N3(D) x N4CD)? x cos( (r> x 2) x N3(D)) 
a =-1+itx(—) (5) 


where the position of the optimum global breaking is m, ri, and ri; are the random values. cv is a 
coefficient vector that is random and updated in each iteration. X, is illustrated as a random value with a 
range ra. M,, is illustrated as the average value of the search agent. The total of search agents is N. A 
random value from the basic distribution is N,(D). it and maxit are the current iteration and maximum 
iteration. r3, and r, are random numbers [0,1]. Nz, N3 and N, are random numbers in the natural space and 


the sizes of the issue. 
2.1.2. Maternity groups 


In this section, the maternity group holds the key to the life cycle of the mountain gazelles. This 
session will get a challenging stag. This session can be modeled mathematically in (6): 
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MG = (YM + cv) + (riz X Mg — Tig X Xrana) X CV (6) 


Where x,454 is the vector position of an agent that is randomly chosen from the all population. riz and ri, 
are the integer and the random values. 


2.1.3. Stag male groups 
In this session, adult males are encouraged to dominate the territory and females. This power 
struggle occurs between young males and adult males. Behavior in this session can be formulated in (7)-(8): 


STG = (X(t) — D) + (ris x mg — rig x MG) X cv (7) 
D = (IXI + |mj]) + (2 x re — 1) (8) 


Where the ris and rig are integers 1 or 2 that are selected randomly. X(t) and rg are the positions of the 
agent vectors in the current iteration and random value. 


2.1.4. Migration process 
This session describes this animal as having a good running and jumping character. They always 
move long distances in search of food. This session is formulated in (9): 


M = (UB - LB) x r, + LB (9) 
Where UB and LB are the upper and lower limits. 


2.2. DC motor schematic 

In this session, the mechanical electrical equations and their combination are used to obtain a linear 
model of a DC motor. Mathematical models and model concepts are explained. The primary key in control 
design is the accuracy of the model. This brings time and cost savings as well as efficiency. The concept of 
building the right model is an important step. The popular DC motor modeling concept is the integration of 
electrical and mechanical equations, which can be seen in the illustration in Figure 1. 


t m 
— 0—- — RM» 
E LS + R, + Js+B 


Figure 1. The DC motor schematic [32] 


2.3. The modified mountain gazelle optimizer 
This article presents a modification of MGO by using the parameters of elite individuals. Individual 
elites are individuals with minimum fitness. 


Xajre = argmin(f (X;)) (10) 


In (10) is integrated into (2) and (5). So that (2) becomes (11) and (5) becomes (12). 
N 
YM = Xy x [ry] + Mpr X [ral X Xa ra = {|F| N} (11) 


-1 


a = —1 + it x (—_) x us (12) 


maxit 


2.4. The proposed MMGO for tuning proportional integral derivative in DC motor 
MMGO is used to obtain PID parameters to obtain DC motor adaptive control. This is to get the 
optimal transient response points. An illustration of the proposed control can be seen in Figure 2. 
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Figure 2. The proposed MMGO methodology 


3. RESULTS AND DISCUSSION 

MATLAB/Simulink application with a laptop with an Intel 15-5200 2.19 GHz processor 
specification and 8 GB of RAM are used to perform simulations and write code. The performance 
measurement of the MMGO algorithm uses the benchmark function. This is to determine the performance of 
the proposed method. The set of mathematical problems has 23 benchmark functions. This set comprises 10 
fixed-dimensional multimodal functions F14—F23, 6 multimodal functions F8—F13, and 7 unimodal functions 
F1—F7. Figures 3(a) to (g) (in appendix) show the unimodal. Figures 3(h) to (m) (in appendix) show the 
multi-modal function chart. Figures 3(n) to (v) (in appendix) show the composite function chart. Details of 
the performance measurement with the benchmark function can be seen in Figure 3. 

DC motor control that uses PID requires precise and accurate parameter tuning. The application of 
MMGO to get good PID parameters is also necessary to validate its performance. The results of the PID 
control for DC motors by applying MMGO can be seen in Figure 4. Several theories can be used to measure 
the performance of a control. Some well-known theories include integral square error (ISE), integrated 
absolute error (IAE), and integral time square error (ITSE). In this article, ITSE is used as performance 
validation. 


ITSE =f, t.e"(t).dt (13) 
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Figure 4. The result of DC motor 


By testing the MMGO-based PID on a DC motor with a reference speed of 1 pu, the ITSE of the 
PID-MMGO is 0.2905. This value is the same as the approach via PID-STSA. The detailed results of the 
performance test of each algorithm can be seen in Table 1. 
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Table 1. Output DC motor with PID 
Controller Overshoot Rise time Settling time ITSE 
PID-STSA 1.0027 0.1774 0.2841 0.2905 
PID-MGO 1.003 0.1777 0.2845 0.2909 
PID-MMGO 1.0026 0.1775 0.2841 0.2904 


4. CONCLUSION 


This article proposes a modified method of the mountain gazelle algorithm. The hierarchy and social 
structure of wild mountain gazelles served as the inspiration for the development of the MGO. Based on the 
social and hierarchical requirements of gazelles, the MGO is mathematically modeled. The algorithm is 
modeled using the fundamental elements, including motherhood herds, bachelor male herds, territorial males, 
solitude, and migration in quest of food. A solution can conduct the exploratory operation while also 
progressing toward the ideal solution using the four stages of the proposed model. The proposed method adds 
a parameter for new exploration and exploitation performance. Performance on DC motor control using a 
comparison method, namely the conventional PID method, STSA, and the original MGO. From the 
simulation results, the article finds that the overshoot value of the conventional method can be reduced by 
0.447% with the application of MMGO. The ITSE value of MMGO is slightly different from MGO's, which 
is 0.137%. The application of the MMGO method has promising expectations. 


APPENDIX 


Best score obtained so far 


5 10 15 20 
Iteration 


(a) 


F4 


Best score obtained so far 


15 20 
Iteration 


(d) 


25 


Best score obtained so far 


15 
Iteration 


(g) 


20 


Best score obtained so far 


Best score obtained so far 


Best score obtained so far 


F2 


=à 
[-] 
o 


o 


10 i , - “ j 
5 10 15 20 25 
Iteration 
(b) 
1010 = : 
T" —MMGO 
ee ee | ---STSA 
— MGO » 


=à 
oO 
a 


- 
[-] 
o 


Best score obtained so far 


10° L L " n J 
5 10 15 20 25 
Iteration 
(e) 
F8 
-403 ————— — — T —T-^ 
-10^ i 
| |—MMGO | 
| |---STSA | 
| [MGO | 
-1 05 t j 
5 10 15 20 25 
Iteration 
(h) 


F3 


= 
eo 
o 


Best score obtained so far 


5 10 15 20 25 
Iteration 


(c) 


5 10 15 
Iteration 


(f) 


Best score obtained so far 


10°29 
5 10 15 20 25 
Iteration 
(i) 


Figure 3. Convergence curve of benchmark function: (a) F1, (b) F2, (c) F3, (d) F4, (e) F5, (f) F6, (g) F7, 


(h) F8, and (1) F9 


A novel modified mountain gazelle optimizer for tuning paramater proportional integral ... (Widi Aribowo) 


750 


= 
= 

3 e 
o o 


= 
3 
è 


Best score obtained so far 


= 

d 
pS 
[=] 


= 
ce. 
o 


= 
e 
[2] 


Best score obtained so far 


EN 
e 
a 


Best score obtained so far 


eo 
a 


Best score obtained so far 


= 
e 
o 


F10 
5 10 15 20 25 
Iteration 
G) 
F13 
lU T...:]7 MMGO 
---STSA f 
MGO 
5 10 15 20 25 
Iteration 
(m) 
F16 
5 10 15 20 25 
Iteration 
(p) 
F19 
5 10 15 20 25 
Iteration 
(s) 
F22 


Best score obtained so far 


Best score obtained so far 


F11 


zx 

e 
ES 
e 


107? 
5 10 15 20 25 

Iteration 

(k) 

F14 
——MMGO 
---STSA 
“MGO 


5 10 15 
Iteration 


(n) 


F17 


20 25 


= 
N 


e 
© 


o 


Best score obtained so far 


ISSN: 2302-9285 


510" F12 

o 

[7] 

E] 

2 10 

S 

a 

o 

o 

5 100 

D 

$ 

a 495 

5 10 15 20 25 

Iteration 
(1) 
F15 


Best score obtained so far 


10^ 
5 10 15 20 25 
Iteration 
(o) 
F18 
10? 
—MMGO 
---STSA 


Best score obtained so far 


0.4 Miti 109 
5 10 15 20 25 5 10 15 20 -25 
Iteration Iteration 
(q) (r) 
F20 0 F21 
8-15 5-10 
9 —MMGO 9 
2? | ---STSA E h 
È 2l “MGO £ — M een 
g i g X 
8 i E 101 7 
o o 
525 5 
o i o 
[7] i [7] 
m ~ 492 
5 10 15 20 25 5 10 15 20 25 
Iteration Iteration 
(t) (u) 
F23 
-10° 
a —MMGO 
See ---STSAÀ 
+A) ene MGO ý 


401 E? 


Best score obtained so far 


Best score obtained so far 


-10? 
5 10 15 


Iteration 


(v) 


-10? 


5 10 15 
Iteration 


(w) 


20 25 


Figure 3. Convergence curve of benchmark function: (j) F10, (k) F11, (1) F12, (m) F13, (n) F14, (0) F15 (p) 
F16, (q) F17, (r) F18, (s) F19 (t) F20, (u) F21(v) F22, and (w) F23 (continue) 


Bulletin of Electr Eng & Inf, Vol. 13, No. 2, April 2024: 745-752 


Bulletin of Electr Eng & Inf ISSN: 2302-9285 O 751 


REFERENCES 


[1] 
[2] 


[3] 
[4] 


[5] 


[6] 


[7] 


[8] 
[9] 
[10] 
[11] 


[12] 


[13] 


[14] 


[15] 


[16] 


[17] 


[18] 


[19] 


[20] 


[21] 


[22] 


[23] 


[24] 


[25] 


[26] 


[27] 
[28] 


[29] 


P. Fan, R. Ma, Y. Zhang, Z. Dang, and T. Li, “Bipolar modulation of brushless DC motor with integrated control of motoring and 
regenerative braking,” Journal of Power Electronics, 2022, doi: 10.1007/s43236-021-00351-4. 

G. A. Sziki, A. Szántó, and T. Mankovits, “Dynamic modelling and simulation of a prototype race car in MATLAB/Simulink 
applying different types of electric motors,” International Review of Applied Sciences and Engineering, 2021, doi: 
10.1556/1848.2020.00145. 

N. C. Lenin, “48-Volt Energy Efficient Domestic Appliances With Flux Switching Motor Drive System—Design, Simulation, and 
Comparison," IEEE Access, vol. 10, pp. 81568-81580, 2022, doi: 10.1109/ACCESS.2022.3193687. 

S. Subramanian, R. Mohan, S. K. Shanmugam, N. Bacanin, M. Zivkovic, and I. Strumberger, “Speed control and quantum 
vibration reduction of Brushless DC Motor using FPGA based Dynamic Power Containment Technique,” Journal of Ambient 
Intelligence and Humanized Computing, 2021, doi: 10.1007/s12652-021-02969-5. 

C. H. Vinay Kumar, G. M. Rao, A. Raghu Ram, and Y. Prasanna Kumar, “Designing of Neuro-Fuzzy Controllers for Brushless 
DC Motor Drives Operating with Multiswitch Three-Phase Topology,” Journal of Electrical and Computer Engineering, vol. 
2022, pp. 1-12, 2022, doi: 10.1155/2022/7001448. 

R. Tarvirdilu—Asl, R. Zeinali, and H. B. Ertan, “An approach for performance prediction of saturated brushed permanent magnet 
direct current (DC) motor from physical dimensions,” Turkish Journal of Electrical Engineering and Computer Sciences, vol. 30, 
no. 1, pp. 127-139, Jan. 2022, doi: 10.3906/elk-2008-10. 

T. V Ramana et al., “Energy Auditing in Three-Phase Brushless DC Motor Drive Output for Electrical Vehicle Communication 
Using Machine Learning Technique,” Wireless Communications and Mobile Computing, vol. 2022, pp. 1-14, 2022, doi: 
10.1155/2022/9644795. 

R. Arivalahan, S. Venkatesh, and T. Vinoth, “An effective speed regulation of brushless DC motor using hybrid approach,” 
Advances in Engineering Software, vol. 174, p. 103321, 2022, doi: 10.1016/j.advengsoft.2022.103321. 

Y. Wan, Z. Li, Y. Xia, F. Gong, and F. Chen, “Dynamic Characteristic Analysis of Permanent Magnet Brushless DC Motor 
System with Rolling Rotor,” Applied Sciences, vol. 12, no. 19, pp. 1-15, 2022, doi: 10.3390/app121910049. 

C. I. G. Chinelato, “Experimental Didactic Platform For Teaching Control Systems In EngineerinG," Revista de Ensino de 
Engenharia, 2022, doi: 10.37702/ree2236-0158.v41p84-92.2022. 

A. Ma'arif and N. R. Setiawan, “Control of DC motor using integral state feedback and comparison with PID: simulation and 
arduino implementation," Journal of Robotics and Control (JRC), vol. 2, no. 5, pp. 456—461, 2021, doi: 10.18196/jre.25122. 

J. Pr, L. Rachaputi, J. Yerramelli, K. Rajesh, and P. Ratnakaram, "Performance analysis of Hexapod leg with different 
controllers," 2021 6th International Conference on Communication and Electronics Systems (ICCES), Coimbatre, India, 2021, 
pp. 139-145, doi: 10.1109/ICCES51350.2021.9489127. 

A. Batool, N. ul Ain, A. A. Amin, M. Adnan, and M. H. Shahbaz, *A comparative study of DC servo motor parameter estimation 
using various techniques," Automatika, 2022, doi: 10.1080/00051144.2022.2036935. 

M. Dasari, A. Srinivasula Reddy, and M. Vijaya Kumar, *A comparative analysis of converters performance using various control 
techniques to minimize the torque ripple in BLDC drive system," Sustainable Computing: Informatics and Systems, 2022, doi: 
10.1016/j.suscom.2021.100648. 

X. Li, X. Xu, Z. Shen, and M. Sun, “Iterative Learning-Based PID Precision Control for Sports Performance Analysis," Wireless 
Communications and Mobile Computing, 2021, doi: 10.1155/2021/6404172. 

M. K. Umam, R. N. Hasanah, and T. Nurwati, *PID-based Fuzzy Logic Theory Implementation on BLDC Motor Speed Control," 
in 2022 International Seminar on Intelligent Technology and Its Applications (ISITIA), 2022, pp. 407-412, doi: 
10.1109/ISITIA56226.2022.9855291. 

A. F. Rifa’i, H. Rudiansyah, and R. Milanto, “Design and Implementation of Auto-limit Riding Speed System for Electric 
Motorcycles Based on Battery Level with Fuzzy PID," in 2022 7th International Conference on Electric Vehicular Technology 
(ICEVT), 2022, pp. 27—33, doi: 10.1109/ICEVT55516.2022.9925008. 

O. Duca, E. Minca, A. Filipescu, D. Cernega, R. Solea, and C. Bidica, *Event-Based PID Control of a Flexible Manufacturing 
Process," Inventions, vol. 7, no. 4, p. 86, 2022, doi: 10.3390/inventions7040086. 

A. H. A. Elkasem, M. Khamies, G. Magdy, I. B. M. Taha, and S. Kamel, "Frequency stability of ac/dc interconnected power 
systems with wind energy using arithmetic optimization algorithm-based fuzzy-pid controller," Sustainability (Switzerland), 2021, 
doi: 10.3390/su132112095. 

D. Chen, K. Liao, K. Qian, and C. Liu, "Research on steering Gear electric loading System based on fuzzy Adaptive PID 
algorithm," 2021 IEEE 5th Information Technology,Networking, Electronic and Automation Control Conference (ITNEC), Xi'an, 
China, 2021, pp. 1701-1705, doi: 10.1109/ITNEC52019.2021.9586746. 

S. Mahfoud, A. Derouich, N. El Ouanjli, N. V. Quynh, and M. A. Mossa, “A New Hybrid Ant Colony Optimization Based PID of 
the Direct Torque Control for a Doubly Fed Induction Motor," World Electric Vehicle Journal, vol. 13, no. 5, p. 78, 2022, doi: 
10.3390/wevj13050078. 

M. Karami, A. R. Tavakolpour-Saleh, and A. Norouzi, "Optimal Nonlinear PID Control of a Micro-Robot Equipped with 
Vibratory Actuator Using Ant Colony Algorithm: Simulation and Experiment," Journal of Intelligent and Robotic Systems: 
Theory and Applications, 2020, doi: 10.1007/s10846-020-01165-5. 

P. Shao, J. Wu, C. Wu, and S. Ma, “Model and robust gain-scheduled PID control of a bio-inspired morphing UAV based on LPV 
method," Asian Journal of Control, 2019, doi: 10.1002/asjc.2187. 

K. Vanchinathan, K. T. R. Valluvan, C. Gnanavel, C. Gokul, and R. A. Renold, *An improved incipient whale optimization 
algorithm based robust fault detection and diagnosis for sensorless brushless DC motor drive under external disturbances," 
International Transactions on Electrical Energy Systems, 2021, doi: 10.1002/2050-7038.13251. 

A. Idir, K. Khettab, and Y. Bensafia, “Design of an optimally tuned fractionalized PID controller for dc motor speed control via a 
henry gas solubility optimization algorithm," International Journal of Intelligent Engineering & Systems, vol. 15, no. 2, 2022, 
doi: 10.22266/ijies2022.0630.06. 

Y. Anagreh, M. B. Fayyad, and A. Anagreh, "Particle swarm optimization based high performance four switch BLDC motor 
drive," International Journal of Power Electronics and Drive Systems (IJPEDS), vol. 13, no. 2, pp. 825-834, 2022, doi: 
10.11591/ijpeds.v13.i2.pp825-834. 

M. A. Shamseldin, “Optimal coronavirus optimization algorithm based pid controller for high performance brushless dc motor,” 
Algorithms, 2021, doi: 10.3390/a14070193. 

P. Dutta and S. K. Nayak, “Grey Wolf Optimizer Based PID Controller for Speed Control of BLDC Motor,” Journal of Electrical 
Engineering and Technology, 2021, doi: 10.1007/s42835-021-00660-5. 

V. K. Munagala and R. K. Jatoth, “Design of fractional-order PID/PID controller for speed control of DC motor using Harris 


A novel modified mountain gazelle optimizer for tuning paramater proportional integral ... (Widi Aribowo) 


g ISSN: 2302-9285 


Hawks optimization,” in Intelligent algorithms for analysis and control of dynamical systems, Springer, 2021, pp. 103-113, doi: 
10.1007/978-981-15-8045-1 11. 


[30] K. Chakkarapani, T. Thangavelu, K. Dharmalingam, and P. Thandavarayan, “Multiobjective design optimization and analysis of 
magnetic flux distribution for slotless permanent magnet brushless DC motor using evolutionary algorithms," Journal of 
Magnetism and Magnetic Materials, 2019, doi: 10.1016/j.jmmm.2019.01.029. 

[31] B. Abdollahzadeh, F. S. Gharehchopogh, N. Khodadadi, and S. Mirjalili, *Mountain Gazelle Optimizer: À new Nature-inspired 
Metaheuristic Algorithm for Global Optimization Problems," Advances in Engineering Software, vol. 174, p. 103282, 2022. 

[32] W. Aribowo, B. Suprianto, and A. Prapanca, *A novel modified dandelion optimizer with application in power system 
stabilizer,” IAES International Journal of Artificial Intelligence (IJ-AI), vol. 12, no. 4, pp. 2033-2041, 2023, doi: 
10.1159 1Ajai.v12.i4.pp2034-2041. 

BIOGRAPHIES OF AUTHORS 


Widi Aribowo © Ed C is a lecturer in the Department of Electrical Engineering, 
Universitas Negeri Surabaya, Indonesia. He is received the BSc from the Sepuluh Nopember 
Institute of Technology (ITS) in Power Engineering, Surabaya in 2005. He is received the 
M.Eng from the Sepuluh Nopember Institute of Technology (ITS) in Power Engineering, 
Surabaya in 2009. He is mainly research in the power system and control. He can be contacted 
at email: widiaribowo @unesa.ac.id. 


Laith Abualigah © FI I> is an Associate Professor at the Department of Computer 
Science, Al Al-Bayt University, Jordan. He received the Ph.D. degree from the School of 
Computer Science in Universiti Sains Malaysia (USM), Malaysia in 2018. His main research 
interests focus on bio-inspired computing, artificial intelligence, metaheuristic modeling, and 
optimization algorithms, evolutionary computations, information retrieval, feature selection, 
combinatorial problems, optimization, and NLP. He can be contacted at email: 
Aligah.2020@ gmail.com. 


Diego Oliva (9 EX ES © is an Associate Professor at the University of Guadalajara in Mexico. 
He has the distinction of National Researcher Rank 2 by the Mexican Council of Science and 
Technology. Currently, he is a Senior member of the IEEE. His research interests include 
evolutionary and swarm algorithms, hybridization of evolutionary and swarm algorithms, 
computational intelligence, and image processing. He can be contacted at email: 
diego.oliva@cucei.udg.mx. 


Aditya Prapanca (9 Ed BS & received his Bachelor of Engineering from Sepuluh Nopember 
Institute of Technology (ITS), Surabaya, Indonesia, in 2000, and his Master of Computer from 
Sepuluh Nopember Institute of Technology (ITS), Indonesia, in 2007. He is currently a 
lecturer at the Department of Computer Engineering, Universitas Negeri Surabaya, Indonesia. 
His research interests include artificial intelligence. He can be contacted at email: 
adityaprapanca Q unesa.ac.id. 


Bulletin of Electr Eng & Inf, Vol. 13, No. 2, April 2024: 745-752 


